ABSTRACT: The global financial crisis has revealed that the coordination between monetary policy and financial stability should be part of economic policy. This study examines the effects of monetary policy on the capital buffer (financial stability proxy) in the Brazilian economy and, in particular, how communication about both monetary policy and normative macroprudential policy affect the capital buffer maintained by banks. The study presents three main results: i) banks react strongly to monetary policy changes by increasing (reducing) the capital buffer in response to an increase (decrease) in the interest rate; ii) banks increase (decrease) the capital buffer when the central bank monetary policy communication signals an increase (decrease) in interest rates; and iii) banks use the capital buffer to accommodate the new measures of regulatory capital: the announcement of restrictive (liberalizing) capital measures reduces (increases) the capital buffer.
Introduction
Financial stability is fundamental to the performance of the economy. Prior to the global financial crisis (GFC), policymakers viewed financial stability as a typical regulatory problem. The monitoring of bank behavior was not regarded as part of macroeconomic environment analyses (Woodford, 2010) . The GFC challenged the assumptions of financial stability and created an environment of uncertainty with potential effects on the conduct of macroeconomic policies. In particular, the GFC has given rise to a new point of view in which the coordination between monetary policy and financial stability is seen as a necessary part of economic policy (Poloz, 2015) .
Regarding the financial stability issue, the aftermath of the GFC was the highlight received by new macroprudential policies. In this sense, policymakers face the need to incorporate new macroprudential instruments into the set of policy concerns (Galati and Moessner, 2013) . Among the alternatives, the literature identifies the capital buffer as the main macroprudential instrument for financial stability management (Borio, 2011) . Capital buffers are capital holdings of banks that exceed the regulatory minimum. The capital buffer can be explained as insurance against the risk of breaching the minimum capital requirement, because (i) banks cannot instantly adjust their capital; and (ii) breach of minimum regulatory capital requirements triggers supervisory actions, which can lead to a high cost penalty for banks (Jokipii and Milne, 2008; Stolz and Wedow, 2011) . Furthermore, Carvallo et al. (2015) argue that maintaining the capital buffer above the required minimum is a way to signal financial soundness to the market as well as to take advantage of profitable market opportunities.
One strand of the empirical literature on the capital buffer is concerned with analyzing the effect of business cycle fluctuations on banks' capital buffers. The findings of this literature are mixed about the effect of capital buffers on the business cycle (Ayuso et al., 2004; Lindquist, 2004; Jokipii and Milne, 2008; Stolz and Wedow, 2011; Shim, 2013) . Another strand of the empirical literature examines the effect of the capital buffer on the risk-taking of banks. Overall, the literature reveals that banks with a higher capital buffer take less risk than less capitalized banks (Konishi and Yasuda, 2004; Repullo, 2005; Jokipii and Milne, 2011; Guidara et al., 2013) . In addition, since the GFC, several empirical studies have investigated the link between monetary policy and financial stability through banks' behavior and the risk-taking channel (Altunbas et al., 2009; Borio and Zhu, 2012; Montes and Scarpari, 2015) . Other studies extended this analysis to explain the connection between monetary policy and regulatory capital (de Moraes et al., 2016) .
The analysis of the relationship between macroprudential instruments (e.g., the capital buffer) and monetary policy is a new challenge for policymakers. The policy design problem for central banks is how to set multiple instruments to meet multiple stabilization goals. There are theoretical advancements on the interplay between macroprudential and monetary policy that may help in addressing this problem. For example, DSGE models incorporate financial frictions in order to analyze coordination problems between monetary and macroprudential policies (Rubio and Carrasco-Gallego, 2014; Quint and Rabanal, 2014; Paoli and Paustian, 2017) . However, empirical analyses of the relationship between capital buffers and monetary policy, as well as the effect of central bank communications on capital buffers, are still rare. Basel Committee on Banking Supervision (2010) points out that central banks do consider the effect of buffer communication on market expectations, on the behavior of their own capital buffer, and on financial stability. Born et al. (2012) highlight the importance of central bank communication to macroprudential supervision and show that the financial market reacts to central bank communication on financial stability issues.
We examine the effects of monetary policy on capital buffers (financial stability proxy) in the Brazilian economy and, in particular, how communication about both monetary policy and normative macroprudential policy affect the capital buffer maintained by banks. Brazil is an important case because it is an emerging economy in which the Central Bank of Brazil (CBB) explicitly aims at price stability and financial stability. In order to evaluate the effect of monetary policy, we use the basic interest rate in Brazil. For documenting the effect of central bank communication, we use two indicators: monetary policy communication and normative macroprudential policy communication. The first, extracted from the Monetary Policy Committee (COPOM) minutes, helps predict the next monetary policy decision of the CBB. The second represents a novel approach to measuring the effect of capital regulatory measures on financial stability.
To our knowledge, this is the first work that analyzes the relationship between the capital buffer, monetary policy, and central bank communication. Our work differs from the existing literature in several aspects. First, we investigate the relationship between monetary policy and financial stability in a different way. Whereas the literature is concerned with analyzing only the effect of monetary policy on bank risk-taking, this study examines the effect of monetary and macroprudential policies on the capital buffer. Second, we analyze the effect of communication about monetary policy and normative macroprudential policy on the capital buffer.
Our work has three main results that contribute to the empirical literature on the capital buffer, monetary policy, and central bank communication. First, the results indicate that banks react strongly to monetary policy changes by increasing (reducing) the capital buffer in response to an increase (decrease) in the interest rate. Second, we present evidence that banks increase (decrease) the capital buffer when the central bank monetary policy communication signals an increase (decrease) in interest rates, affecting more significantly the banks with riskier positions. Third, the central bank normative macroprudential policy communication does not have the desired effect on soundness and safety of the financial system because banks use the capital buffer to accommodate the new measures of regulatory capital: the announcement of restrictive (liberalizing) capital measures reduces (increases) the capital buffer.
The remainder of this work is organized as follows. The next section provides the data and methodology used in this work. Section 2 presents empirical evidence regarding the impact of monetary policy and of communication about both monetary policy and normative macroprudential policy on capital buffers. The last section concludes the work.
Data and Methodology
In this section, we present the data and methodology used to provide empirical evidence on the relationships among capital buffers, monetary policy, and central bank communication.
The period of analysis runs from January 2006 to December 2016.
1 We gather the monthly data series used in this study from the CBB site.
2 The data used in this work are country-wide and the bank data represent the entire Brazilian banking sector. The idea of the capital buffer, brought by Basel III, is to use a buffer of capital to protect the banking sector from periods of excess aggregate credit growth that have often been associated with a build-up of system-wide risks (Basel Committee on Banking Supervision, 2010). On the other hand, as pointed out by Carvallo et al. (2015) , when banks are unable to build up a capital buffer in times of economic expansion, they can fail to meet the minimum capital requirements during an economic recession. This cyclical behavior of banks amplifies the effect of shocks on economic and financial stability because, in order to meet the minimum capital requirement, banks are forced to deleverage assets and reduce lending to the market (Borio and Zhu, 2012) .
The capital buffer (BU F F ER) is defined in our model as the excess capital held by banks in relation to regulatory capital. It is calculated by taking the difference between the capital adequacy ratio (CAR) disclosed by CBB and the minimum capital requirement in force in Brazil. The higher the BU F F ER, the more solvent are the banks and the greater is the financial stability.
The benchmark model considers some macroeconomic variables that help to explain the capital buffer held by banks. The return on equity (ROE) is an indicator of the banks' profitability and represents the cost of capital. Generally, the capital buffer is accumulated through retained earnings. As pointed out by Stolz and Wedow (2011) , high profits may reflect high charter values and, hence, the ability to consistently generate high profits and increase capital buffers through retained earnings. In this sense, in accordance with Milne and Whalley (2001), high profit banks have less need to hold substantial capital buffers as an insurance against a possible violation of the regulatory minimum. Therefore, it is expected that an increase in ROE implies a reduction of the BU F F ER.
We also include output gap (GDP GAP ) as a proxy for the business cycle. It corresponds to the difference between the GDP accumulated in 12 months at current values and the potential output (Hodrick-Prescott filter). Some studies show that an increase in GDP GAP results in a reduction of BU F F ER, indicating that in a scenario of economic expansion (contraction), banks assume more (less) risks (Ayuso et al., 2004; Lindquist, 2004; Jokipii and Milne, 2008) .
The credit gap (CRED GAP ) corresponds to the difference between the credit-to-GDP ratio and the trend of long-term credit (Hodrick-Prescott filter). According to Basel Committee on Banking Supervision (2010), in times of economic expansion, banks are more risk prone and increase the supply of credit. Therefore, it is expected that an increase in CRED GAP results in a reduction of the BU F F ER.
Liquidity (LIQ) measures the volume of liquid assets that Brazilian banks keep available for the "programmed" and "not programmed" cash flow of the next 30 days (21 workdays), under a severe stress scenario. According to the findings of (Stolz and Wedow, 2011) , it is expected that greater volumes of liquid assets increase the capital buffer.
Basic interest rate (IR) is the main instrument of monetary policy for inflation targeting in Brazil. We use the natural logarithm of the SELIC annualized interest rate. Montes and Scarpari (2015) showed that banks react to an increase in interest rates with an increase in risk aversion, demonstrated by increasing provisions to mitigate risk. As one of the provisions, the capital buffer is a proxy for bank risk aversion. Therefore, it is expected that an increase in IR will result in an increase of BU F F ER, indicating that in a scenario of monetary tightening (easing), banks assume less (more) risk.
We also construct two dummy variables to measure the events that affect the capital buffer. SU BP RIM E CRISIS is a dummy variable for the period prior to the subprime crisis. It is equal to 1 in the period from January 2006 to July 2009 and 0 otherwise. P OLIT ICAL CRISIS is a dummy variable for the period of political instability in Brazil. It assumes value 1 in the period from December 2015 to December 2016 and 0 otherwise.
The dummy variables of the monetary policy communication are constructed according to the methodology developed by Rosa and Verga (2007) . We apply the methodology using the COPOM minutes (see Table A .2). The COPOM minute is the main document released after each COPOM meeting to decide the basic interest rate. The minutes present information about the economic outlook, the monetary policy decision, and the path of the interest rate. When the central bank indicates an increase to the basic interest rate, the variable D U P is equal to 1 and 0 otherwise. In turn, when the central bank indicates a reduction in the basic interest rate, the variable D DOW N is equal to 1 and 0 otherwise.
We build the dummy variables of the normative macroprudential policy communication based on the regulatory capital measures published by the CBB whose purpose is to change the method for calculating the minimum requirement of regulatory capital (see Table A .3) . This indicator represents a new methodology for measuring the effect of capital regulatory measures on financial stability. In the months when there are published regulatory capital measures indicating a reduction in the regulatory capital requirement, the variable D LIB is equal to 1 and 0 otherwise. In turn, in the months when there are published regulatory capital measures indicating an increase in the regulatory capital requirement, the variable D RES is equal to 1 and 0 otherwise.
The empirical analyses apply ordinary least squares (OLS), one-step generalized method of moments (GMM 1-STEP) with HAC covariance matrix, two-step generalized method of moments (GMM 2-STEP) with Windmeijer (2005) covariance matrix, and quantile regression (QREG). These methods allow straight observation and interpretation of the signal and statistical significance of all the estimated coefficients.
The OLS estimates use the Newey-West covariance matrix to account for the potential problems of heteroscedasticity and autocorrelation of the model. We present the adjusted R 2 statistic, F statistic, and Ramsey's RESET test. Whereas the adjusted R 2 reveals the explanatory power of the model, the F statistic shows the joint significance of the explanatory variables in the model. In addition, the RESET test evaluates whether the model is well specified. The RESET is a general test with the null hypothesis that the linear functional form is appropriate (Ramsey, 1969; Wooldridge, 2009 ).
The GMM estimator is recommended because it provides robust estimations even in the presence of endogeneity and simultaneity, common in time series analysis (Hansen, 1982) . The empirical model developed in this study is subject to these problems. The presence of reverse causality is possible, for example, in the relation between capital buffer and ROE, as well as in the relation between liquidity and ROE.
In order to obtain a more efficient GMM estimator than OLS, it is important to observe the overriding conditions and the orthogonality of the instruments (Wooldridge, 2001 ). The coefficients estimated by GMM are consistent only if the instrumental variables used in the analysis are exogenous. Therefore, the hypothesis of exogeneity of instruments requires that these variables do not directly affect the dependent variable. We follow the methodology of Johnston (1984) to select the instruments on GMM estimation, that is, the instruments were dated to the period t − 1 or earlier to assure exogeneity. We calculate the J-statistic to check the instruments' validity. We also present the Durbin (1954) , Wu (1974), and Hausman (1978) test of endogeneity of the regressors. The one-step GMM estimations with HAC covariance matrix address robust standard errors in the presence of autocorrelation and heteroskedasticity of unknown form. Moreover, we apply the Windmeijer covariance matrix correction in the two-step GMM estimations to address small-sample downward biases on standard errors.
Finally, the QREG developed by Koenker and Bassett (1978) divides the distribution such that a given proportion of observations is located below the quantile and allows one to observe the estimated coefficient for different levels of the dependent variable. The QREG is a nonparametric technique (no distributional assumptions are required to optimally estimate the parameters) and is adequate for analyzing the relations for a set of variables, presenting more robust coefficients for outliers and non-normality than the OLS regressions (Brooks, 2014) . We estimate the QREG with the moving blocks bootstrap (MBB), which provides robust standard errors to heteroskedasticity and autocorrelation of unknown form (Fitzenberger, 1998) .
A first condition to analyze previous estimates is to check if the series are stationary. Thus, the augmented Dickey-Fuller test (ADF), Phillips-Perron test (PP), and KwiatkowskiPhillips-Schmidt-Shin test (KPSS) were performed. As observed in Table A .4, all series analyzed are stationary, except LIQ whose result indicates that the use of the series in first difference would be more adequate. As the communication variables representing monetary policy and normative macroprudential policy are dummy variables that assume values of 0 or 1, unit root tests are not necessary, and the variables are stationary.
Estimates and Results
In order to verify the effects of monetary policy on financial stability, we estimate the baseline model taking into account the effects of macroeconomic variables on the capital buffer.
BU F F ER
The CBB has two economic policy objectives: price stability and financial stability. Blinder et al. (2008) argue that central bank communication is fundamental to economic policy management. However, Born et al. (2012) warn of the differences in central bank communication on monetary and macroprudential policies. Thus, to capture the effect of different forms of central bank communication on financial stability, communication dummy variables were included in the baseline model. Equation 2 includes the monetary policy communication dummy variable and equation 3 includes the normative macroprudential policy communication dummy variable.
where COM M ON ET ARY t refers to D U P and D DOW N ; COM M ACROP RU t refers to D LIB and D RES; and ε i,t , i = 1, 2, 3, are random error terms. Table 1 presents the estimation results. Due to autocorrelation and heteroskedasticity, the reported t-statistics for the OLS regression are calculated using the Newey-West covariance matrix. Regarding OLS estimates, the F -statistic of all equations indicates the regressions are significant. Furthermore, the outcomes of the Ramsey RESET test indicate the estimations do not present problems of model misspecification. Regarding the GMM estimations, the J-statistic and the Durbin-Wu-Hausman test indicate we cannot reject the hypothesis that the model is correctly specified.
The positive and significant relation between IR and BU F F ER indicates that the effect of monetary policy on capital buffers cannot be neglected. The results reveal that banks react significantly to monetary policy changes by increasing (decreasing) their buffers when the central bank increases (decreases) the interest rate. One possible interpretation for this conservative behavior is that banks display forward-looking behavior and are anticipating a deterioration of the credit market in the face of a tightening in the monetary policy.
In relation to the effect of central bank communication on financial stability, the estimates reveal that monetary policy communication affects the capital buffer. The signals of the coefficients D U P and D DOW N , having statistical significance in all GMM models, show that when there is an indication of an increase (decrease) in the interest rate, banks respond in a forward-looking manner with an increase (decrease) of their buffers, revealing higher (lower) risk aversion. The reason for this result is similar to that given to the effect of monetary policy changes on capital buffer. That is, banks react proactively to the anticipated future behavior of the credit market based on inferences obtained through central bank communications on monetary policy.
Regarding the effects of normative macroprudential policy communication on the capital buffer, the results show that central bank communications indicating an increase in regulatory capital requirement (D RES = 1) generate a reduction in the capital buffer held by banks, signaling that banks use the capital buffer to meet new regulatory constraints. On the other hand, central bank communications indicating a reduction in the regulatory capital requirement (D LIB = 1) generate an increase in the capital buffer maintained by banks, indicating that banks do not reduce their risk aversion due to regulatory capital changes. An explanation for this result is that banks use their own capital excess over the regulated capital requirement (their buffer) to accommodate new capital regulatory measures. This result corroborates the study by Nier and Baumann (2006) for a set of countries in which the capital buffer has an accommodative character for shocks on capital.
Finally, in relation to the coefficients for ROE, CRED GAP , and GDP GAP , it is observed that they have statistical significance and the signs are positive. As pointed out by Milne and Whalley (2001) , high profit banks can hold lower capital buffers as insurance against a violation of the regulatory capital minimum. The coefficients on CRED GAP confirm the view highlighted by Basel Committee on Banking Supervision (2010) that during an economic boom, banks increase credit and reduce the capital buffer, thereby increasing the risk exposure of the entire financial system. In addition, the positive and significant coefficients for GDP GAP denote that the business cycle exerts pressure to decrease capital buffers. This result is in line with the argument by Ayuso et al. (2004) , Lindquist (2004) , and Jokipii and Milne (2008) that banks reduce (increase) the capital buffer and increase (reduce) their exposure to risk in times of economic expansion (contraction). Furthermore, the findings regarding LIQ reveal that BU F F ER is sensitive to the liquidity conditions of banks. An increase in LIQ variation contributes to an increase in BU F F ER. One explanation for this result is that more liquid banks tend to take on less risk.
Additionally, we estimate the models using QREG to obtain further evidence on the effect on the capital buffer of monetary policy and central bank communication about both monetary policy and normative macroprudential policy. This estimation method allows measurement of whether the bank's response to macroeconomic issues or central bank communication remains in different quantiles. In this sense, different from the OLS and GMM estimation methods, it is possible through QREG to observe the effect of the control variables and, in particular, the effect of IR, D U P , D DOW N , D LIB, and D RES on different levels of BU F F ER. Table 2 presents the estimates of the quantile regression.
3 Regarding the effect of monetary policy on the different levels of capital buffer, the estimates show that IR is significant in most quantiles of BU F F ER, being more responsive in the middle quantiles. In general, banks react more strongly to changes in monetary policy in high quantiles. With respect to the effect of monetary policy communication on capital buffer, the results suggest that the indication of an increase in the interest rate (D U P = 1) is able to affect the BU F F ER in low quantiles when the banks present riskier positions. On the other hand, the results do not show statistical significance for the cases in which the central bank indicates a reduction in the interest rate (D DOW N = 1). Regarding the effect of normative macroprudential policy communication on the capital buffer, the quantile regression results suggest that regulatory capital measures indicating a reduction (D LIB = 1) or an increase (D RES = 1) in the regulatory capital requirement have an effect on lower quantiles of BU F F ER. An explanation for this result is that the normative macroprudential policy communication is relevant for banks most prone to risk or likely to violate regulatory capital requirements. As a consequence, banks use the capital buffer to accommodate unexpected shocks to their capital ratio (Nier and Baumann, 2006) .
Lastly, in most models, the coefficient signals estimated on ROE, D GAP , CRED GAP , and LIQ corroborate the signals found in the OLS and GMM estimates. The BU F F ER response to ROE is symmetric, negative, and significant in all quantiles. The signal of GDP GAP and CRED GAP coefficients indicates that BU F F ER responds in higher magnitude in the low quantiles. This evidence suggests that the banks are more responsive to the macroeconomic cycles in riskier positions. When BU F F ER is high enough, the banks respond less to CRED GAP and GDP GAP .
Conclusion
This work has examined the effect of monetary policy and central bank communication on the financial stability of the Brazilian economy during the period from January 2006 to December 2016. This was done by using OLS, GMM, and QREG analyses. The capital buffer, defined as the excess capital held by banks in relation to the regulatory capital requirement in force in Brazil, was used as a proxy for financial stability. In particular, this work investigated how monetary policy changes and central bank communications about monetary policy and normative macroprudential policy affect the capital buffer.
The empirical evidence presented in this work suggests that banks behave procyclically in relation to monetary policy changes, increasing the capital buffer (risk aversion) to protect themselves against a possible scenario of economic deterioration and reducing the capital buffer (risk taking) in a scenario of economic boom.
Regarding central bank communication, the results showed that banks react in a forwardlooking manner to central bank monetary policy communication, increasing (decreasing) the capital buffer when monetary policy communication signals an increase (reduction) in the interest rate. Finally, considering the central bank normative macroprudential policy communication, the analysis revealed an undesired behavior in macroprudential terms, as banks increase (decrease) the capital buffer when liberalizing (restrictive) capital measures are announced by the central bank. This result demonstrated that normative macroprudential policy communication did not contribute to increasing the soundness of the banking system, suggesting instead that the capital buffer is used by banks to accommodate regulatory capital shocks (new regulatory capital measures).
The response of the capital buffer to the CBB's communication suggests that the normative macroprudential policy communication should be improved because it is not able to anchor the behavior of banks to the objectives of macroprudential policy. If the normative macroprudential policy communication were conducted in the same way as the monetary policy communication, that is, a regular and systematic communication, it might be better able to anchor the behavior of the banks to meeting the objectives of the capital buffer to guarantee financial stability. Continued on the next page Continued on the next page Continued on the next page -Maintenance of the interest rate represents a nonnegligible risk for meeting the target (projected inflation above target).
-Potential inflationary impacts of supply shocks yet to materialize.
-Monetary policy should remain vigilant in order to avoid the propagation of shocks and exchange rate depreciation.
-Monetary policy firmly committed to meeting the inflation targets.
-Inflation remains high/monetary policy should be firm.
-The monetary authority will be ready to adopt an active posture if projected inflation diverges from the target.
-Inflation trend incompatible with the target.
-COPOM will need to be less tolerant if shocks threaten to raise inflation above the target.
-The Central Bank will not allow supply shocks to lead to an increase in the inflation rate.
-The Committee understands that it is appropriate to continue the adjustment pace of the monetary conditions underway.
-The monetary authority must remain vigilant so that short-term pressures do not contaminate longer time horizon.
-The monetary authority should be ready to adjust the pace and magnitude of the interest rate adjustment process to the circumstances.
D DOWN
-COPOM decided to continue the process of monetary easing.
-Expected inflation below target/expectations consistent with the inflation risks/targets are less significant. -Consolidation of favourable perspectives for inflation in the medium term/COPOM considers that there is still room for. further cuts in the selic rate in the future.
-Benign scenario for the evolution of inflation (with reduction of uncertainties/favourable external scenario).
-Economic activity consistent with supply conditions, with low probability of inflation pressures.
-The gradual easing of the monetary stance will not compromise the important achievements made in lowering inflation. Note: ADF test based on Schwarz criterion. PP and KPSS test bandwidth is Andrews using Bartlett kernel. Based on Schwarz criterion, intercept (I) or time trend (T/I) was applied.
